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21
Thioredoxins are small proteins that regulate the cellular redox state, prevent 22 oxidative damage and play an active role in its repair. Oxidative stress has proven to be process. This is why these organisms are submitted to the oxygen paradox (4). winemaking (17). To study the role of cytosolic thioredoxins, the mutants were tested 128 in synthetic grape juice MS300 (Fig. 1) , a standard medium which allowed us to 129 perform global analyses that can be compared with previous works conducted with the 130 same growth medium (18) (19) (20) . Growth was followed by counting viable cells (Fig. 1A) .
131
No significant differences were observed in the growth between the wild-type and 132 simple mutants, but both had a slightly lower maximal cell density. This indicates that 133 these two homologous genes are functionally redundant under fermentative 134 conditions. However, the double trx1trx2 mutant had a significantly slower growth 135 rate and a lower maximal cell density, but higher viabilities for longer times (Fig. 1A) .
136
The viability count allowed us to measure the chronological life span (CLS) by taking 137 the wild type's highest point of cell viability from Fig. 1A as 100% survival. This allowed 138 us to obtain a CLS plot under winemaking conditions (Fig. 1B) . In this case, the survival 139 of strains trx1 and trx2 increased slightly before dropping similarly to the wild-type 140 strain, while mutant trx1trx2 dramatically extended the CLS and was the only strain 141 with over 10% viability after 2 weeks. Sugar consumption during fermentation is 142 shown in Fig. 1C . Although the trx2 mutant was slightly delayed, both single mutants 143 finished sugars at the same time as the wild type, which reinforces the idea that both 144 proteins play redundant roles. The double trx1trx2 mutant displayed a slowed sugar 145 metabolism, which once again indicated the relevance of the cTrx system under 146 fermentative conditions. The trx1trx2 strain was able to eventually end 147 fermentation, and then produced a similar ethanol amount to the reference strain and 148 the simple mutants (Fig. 1D ). Thus sugar metabolism was slowed down, but not 149 impaired. Similar results were obtained when these mutants were tested in natural 150 grape juice (Supplemental Fig. S1 ), thus supporting the relevance of the cytosolic 151 thioredoxin system under fermentative conditions. As TRX2 gene overexpression 152 improves biomass production in wine strain T73 (13) Table S2 ). The principal 220 components analysis (PCA) of the five samples per strain showed that the deletion of 221 TRX1 and TRX2 strongly impacted the global metabolism compared to the parental 222 strain (Fig. 3A) . This analysis detected 423 metabolites in all, and 264 showed 223 differences between strains with a significant p.value (≤ 0.05). Of these, 197 were 224 more abundant in trx1trx2 and only 67 metabolites were less abundant in 225 trx1trx2 (Supplemental Table S2 ). All the proteinogenic amino acids, except proline, Table 1 (∆(9) fatty acid desaturase) is the only fatty acid desaturase described in S. cerevisiae.
260
In the proteome analysis, Ole1p was detected as one of the most abundant proteins in 261 trx1trx2 (4-fold more in trx1trx2 than in the parental strain) (Supplemental Table   262 S1 trx1trx2 mutant (Fig. 1B) . Table S1 ).
289
This would explain the lower glucose consumption rate by the mutant compared to the 290 parental strain (Fig. 1C) . In parallel, the metabolites produced by these enzymes were 291 also affected and lower levels of glucose-6-phosphate and glucose- (Fig. 5A , B and C). In the YPD and YPF media ( Fig. 5A and B) , an extended lag 320 phase was noted in the double trx1trx2 mutant strain, and the final cellular density 321 was lower than in the wild-type strain, particularly in fructose. trx1trx2 growth was 322 lower on the MS300 growth curves that measured optical density (Fig. 5C ), which 323 coincided with the data presented in Fig. 1A and a lower sugar consumption rate (Fig. 1C) , but an extended CLS (Fig. 1B) protein early on during must fermentation (Fig. 7) , which could influence metabolism Table   473 S1). This could well be the cause of the strain's delayed growth and may suggest a 474 regulation of pathways such as TORC1, whose activity promotes translation and 475 growth. However, the mutant was not sensitive to TORC1 inhibitor rapamycin (data 476 not shown), thus potential regulation could have occurred at a lower level. 477 We also demonstrated that the deletion of the cTRX system impacted lipid 478 metabolism ( 
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Yeast strains and growth media.
500
The yeast strains used in this work derived from C9 strain (16 sugars concentration was around 50 g/l. We followed the protocol described by Samples were centrifuged at 15000 × g for 10 min at 4°C to obtain protein extracts. 
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